Abstract An analytical solution of the governing equations of the interacting shear flows for unsteady oblique stagnation point flow is obtained. It has the same form as that of the exact solution obtained from the complete NS equations and physical analysis and relevant discussions are then presented.
Introduction
In Fluid Mechanics, researches on the exact solutions of NS equations are important for the following reasons [1, 2] : (1) the exact solutions represent fundamental fluid-dynamic flows. Because the exact solutions always have an analytical form, these fundamental flows can be studied in more detail. (2) The exact solutions can serve as standards for checking the accuracy of solutions obtained by other methods (e.g. numerical method, asymptotic method and empirical method etc.). Hence, the attempt at the exact solutions of the NS equations has never been interrupted from the very beginning [1, 3] .
The English text was polished by Yunming Chen. The two-dimensional stagnation point flow, the axisymmetric stagnation point flow and the three-dimensional oblique stagnation point flow are three examples of the interacting shear flows (ISF). The conception of the interacting shear flows and its fundamental governing equations were introduced by Gao Zhi [3, 4] . For the cases of two-dimensional and axisymmetric stagnation point flows, the governing equations of ISF is consistent with the diffusion-parabolized Navier-Stokes (DPNS) equations, the analytical solution of the DPNS equations and the exact solution of the complete NS equations are the same as pointed out in Ref. [5] . In this paper, the unsteady three-dimensional oblique stagnation point flow is further studied. We come to the conclusion that the analytical solution of ISF's governing equations i.e. DPNS equations and the exact solution of the complete NS equations are the same as well. Physical analysis and some discussion are then presented.
Unsteady three-dimensional oblique stagnation point flow -an example of interacting shear flows and its fundamental governing equations
The interacting shear flows is composed of a thin viscous shear layer with a large length scale in the convection-dominant direction and a small length scale in the convection-diffusion competition direction and an outside inviscid flow which has nonlinear interaction with the thin viscous shear layer. For the case of unsteady three-dimensional oblique stagnation point flow studied in this paper, the thin viscous shear layer is at the neighborhood of the wall (xy plane), the x-and y-directions are the convection-dominant directions, the convection-diffusion competition direction is the normal of the wall i.e. the z-direction. From the physical definition of convection-dominant and convection-diffusion competition [3, 4] , we have
where f = u, v and w. u, v and w are the components of flow velocity in the x-, y-and z-direction, respectively. Using the continuity equation ∂u/∂x ∼ ∂v/∂y ∼ ∂w/∂z, and dropping the terms whose order of magnitude is smaller than the convection-diffusion competition terms (2), we obtain the following simplest governing equations of the unsteady three-dimensional oblique stagnation point flow which is also consistent with the DPNS equations [3, 4] .
In a three-dimensional Cartesian coordinate, where the z-direction is the normal of the wall, the unsteady governing equations of oblique stagnation point flow have the following form.
From this we can draw a conclusion that in the case of Cartesian coordinate system the ISF's governing equations is consistent with the DPNS equations presented in late 1960s. For convenience and clarity we will still use the name DPNS equations below.
Analytical solution of DPNS equations for unsteady three-dimensional oblique stagnation point flow
For the two-dimensional stagnation point flow and the axisymmetric stagnation point flow, a nonrotational flow field has always been assumed. i.e. there exists potential function [6] . However, for the oblique stagnation point flow, we assume the flow field rotational and assume the outer flow varying as (1 − βt) −1 in order to make comparison with the existent exact solutions [7] of NS equations.
where α, β, γ are constants, t is the time, ρ the density and P the pressure. The solutions (7) and (8) satisfy the nonviscous form of the governing equations (3)-(6), i.e. the Euler equations. Without loss of generality, we choose the x-axis so that α > 0, β may be any positive or negative constant such that α + β > 0 in order to insure the W component to be in the negative z-direction. Figure 1 shows the streamlines of the outside inviscid flow field at an inclination angle of 45 • . In the thin viscous shear layer at the neighborhood of the wall, the solution should satisfy the governing equations (3)-(6). We assume that the following viscous solution has a form similar to the one used in Ref. [7] . , ν is the kinematic viscosity, −∞ < t ≤ 1/β.
